In this study, we examined the photo-degradation efficiency of CoSe 
Introduction
nvironmental problems are often linked with the use of commercial dyes, and estimated that more than 10000 dyes and pigments are being used in industrial technology, i.e. in textile, paper, food, cosmetic and drug manufacturing. A majority of dyes contain large number of organic compounds and toxic effluents and have effects on humans as well as aquatic life.
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Consequently, the eradication of dyes from wastewater has received more attention. Numerous techniques, i.e. electron oxidation, ozonation, electro-kinetic coagulation with ions, membrane filtration and microbial degradation have been explored to eliminate dyes. 3 -8 ) Among these techniques, heterogeneous photocatalysis by semiconductors materials is a promising technique and has been widely used for the removal of toxic dyes. Because this process has well-defined electrochemistry, excellent redox recyclability and outstanding environmental stability, the photocatalytic degradation technique was chosen in this research as a process to eliminate dyes form wastewater. Furthermore, TiO 2 due to its unique properties broadly use for many applications. However, the uses of TiO 2 is still limited due to this material's high energy band gap (3.2 eV) and fast recombination of electron hole pairs, : the photo generated electrons and holes in excited states are unstable and promptly recombine, dissipating the input energy as heat and resulting in a minimizing of thee photocatalytic efficiency.
Many approaches have been attempted to overcome these obstacles, i.e. doping with metals, coupling with a second semiconductor or TiO 2 nanoparticles and anchoring with carbonaceous materials, which create localized states between the valence band and the conduction band. These mid-gap states can temporarily low down photo generated electron-hole pairs.
Recently, graphene has been broadly used in coupling with various to couple various semiconductor materials. The thermal conductivity (≈ 5000 Wm ) and excellent stability of graphene make it a promising candidate that can ensure the attachment of semiconductor materials on its surface and facilitate the charge transfer mechanism.
The oxygen functionalities are affected by the particle size and by the shape of the semiconductor material on the graphene sheet. Furthermore, transition metal chalcogenides/dichalcogenides MX Kef et al. Here, we study cobalt selenide nanoparticles that were attached to graphene through ultra-sonication techniques.
In this procedure, GO is consolidated with cobalt and Se precursor materials under proper conditions. During ultra- ), and ethyl alcohol (94%) were purchased from Duksan Pure Chemical Co. Ltd., Korea. Rhodamine B (Rh. B), purchased from Texchem Korea Co. Ltd., was used as a standard industrial dye, All chemicals were used without further purification. All dilutions were carried out using distilled water. To obtain selenium salt, the solution was stirred continually until the mixture was homogeneous. After that, 0.6 mmol of cobalt acetate was mixed with the above prepared solution and stirred for 20 minutes to obtain a stable solution. Finally, the homogeneous solution was treated by ultra-sonication for 3 h, with a digital sonicator. The CoSe 2 precipitates were obtained using 47 mm Whatman filter paper: precipitates were then heat treated for 5 h at 90 o C. ) and a 0.9 molar solution of CoSe nanocomposites were prepared following the same procedure described above. 150 mg of GO and similar amount of titanium precursor (TNB) were dissolved in 200 mL of ethylene glycol for 30 minutes to obtain a homogenous solution; this was denoted as solution A. In the second step, 1.5 g of Na mol/L) and vigorously stirred for 2 h in a dark box until solution attained absorption-desorption equilibrium. Before switching on the light source a sample was collected from the solution and put in a centrifuge at 10000 rpm for the elimination of solid materials. During the degradation process, using a pipette, 2 mg mL (CoSe 
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Preparation of CoSe
Characterization
The crystallinity of the CoSe 2 -G-TiO 2 nanocomposite was investigated using monochromatic high intensity Cu Kα radiation (λ = 1.5406 A) in XRD (Shimadzu XD-D1). The surface morphology, including such aspects as the composition, and crystallization of the prepared simple, was studied using a scattering electron microscope (SEM) (JS M-5600 JEOL, Japan) and a transmission electron microscope (TEM) (JEOL, JEM-2010, and Japan). The change in absorbance was measured using a UV-Vis spectrophotometer (Optizen POP, Korea). Raman spectra of the prepared samples were studied using a spectrometer (Jasco, NRS-3100) with an excitation laser wavelength of 532.06 nm
Results and Discussion
Material characterization
We analyzed the crystallographic structure of the prepared sample through XRD techniques. Fig. 1 nanocomposites were examined by scanning electron microscopy (SEM). The images in Fig. 2(a-c) show the overall structure of the nanocomposites; it can be clearly seen that the graphene has a plate-like structure and that the TiO ternary nanocomposite, is shown in Fig. 3(a-c) . To explain show the surface morphology and the overall history of the graphene sheet and the CoSe 2 -TiO 2 nanoparticles, the images in Fig. 3(a-c) were taken at different magnifications. Fig. 3(a-b) Thus, we can say that ultra-sonication synthesis of a ternary nanocomposite is superior to other techniques, and will be favorable for the enhancement of the photo catalytic efficiency of the CoSe-G-TiO 2 ternary nanocomposite. The Raman spectra technique provides structural information for carbon-based materials (e.g., number of layers and crystal structure). Raman spectroscopy of graphene is usually used to characterize two prominent peaks: the D and the G band. The D band is induced by defects that usually occur at 1350 cm (Fig. 4) . These two peaks, the G band and The characteristics of the peaks around 100 cm 
Photocatalytic performance
The photocalytic activity of the CoSe 2 -graphene nanocomposite using RhB as an organic dye under visible irradiation was investigated and results are shown in Fig. 5(a-c) . First two steps, to decompose the organic pollutants. While graphene acts an adsorption support material, and the dye absorbs molecules on the surface of graphene via π-π interaction, Fig. 5(a) shows that the concentration of RhB changes at different intervals of time, which shows the good absorption efficiency of RhB in the CoSe 2 -G-TiO 2 nanocomposites. To achieve adsorption-desorption equilibrium, the prepared sample was kept in the dark for 30 min: after obtaining the adsorption-desorption equilibrium, the solution was kept in a closed box and visible light was turned on. The solution was irradiated for 30 min: every 30 min, the sample was withdrawn from the chamber for further syntheses. Then, the sample was centrifuged and the dye concentration was determined using a UV -visible spectrometer. The photo catalytic performances of the different products were evaluated under visible light irradiation. Fig. 5(b) shows the photocatalytic degradation of the different samples with different intervals of time. Fig. 5(b) shows that the photocatalytic degradation performance of the CoSe 
Conclusions
In summary, CoSe is a much more effective catalyst for photodegradation than is pure TiO 2 , CoSe 2 -G binary nanocomposite. Moreover, graphene acts an adsorption support material, and interacts between the composite and the dye molecules on the surface of the graphene. The present study has opened a new way of using graphene based materials to develop an extraordinarily efficient ternary system for photocatalytic degradation of organic dyes.
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